This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. Background: Osteoporosis treatment following hip fracture is well known to not enough. We previously performed intervention study for orthopaedic surgeon's education and reported twofold increase in osteoporosis detection and treatment rate observed between 2005 and 2007. This follow-up observational study was conducted to find out the rate in which a diagnostic workup and treatment for osteoporosis were done in patients with hip fracture. Methods: Medical records and radiographs in patients who were older than 50 years and diagnosed as having femoral neck or intertrochanteric fractures at 8 hospitals in Jeju island, South Korea from 2008 to 2011 were reviewed. The numbers of patients who were studied with bone densitometry and who were treated for osteoporosis after the diagnosis of hip fracture were analyzed. Results: Nine hundred forty five hip fractures (201 in 2008, 257 in 2009, 265 in 2010, and 304 in 2011) occurred in 191 men and 754 women during the study periods. The mean age of the patients was 79.7 years. The mean rate of osteoporosis detection using dual energy X-ray absorptiometry was 36.4% (344/945 hips) (ranged from 24.2% in 2009 to 40.5% in 2011). The mean initiation rate of osteoporosis treatment was 23.1% (218/945 hips) (ranged from 20% in 2009 to 29% in 2008). Conclusions: Detection and treatment rate of osteoporosis following hip fracture during follow-up periods was still not enough. Additional intervention studies are required to further improvement of osteoporosis treatment rates after hip fracture.
INTRODUCTION
Osteoporosis has become a major public health issue rapidly increasing around the world. It has been reported that major demographic changes will occur in Asia. Recently, several studies were reported prevalence of osteoporosis in Korea. [1] [2] [3] Although reported prevalence of osteoporosis were not same in studies because of different baseline characteristics such as age, demographics and proportion of elderly persons, one in 3 women and 1 in 10 men in adults aged 50 years or older in Korea has osteoporosis. [1] [2] [3] [4] The residual lifetime probabilities of osteoporosis-related fractures at the age of 50 years are 59.5% for women and 23.8% for men and residual lifetime probabilities of hip fracture are osteoporosis-related fractures are 12.3 for women and 5.2 in men. [4] Mortality within one year after hip fracture is ranged from 6% to 44% and 5-year relative survival after osteoporotic hip fracture was below those of the general populations and was similar to thyroid and breast cancer. [5] [6] [7] [8] Morbidity in patients with hip fracture was severely decreasing after hip fracture. [9] [10] [11] Only one in 3 patients with normal activity at pre-injury state could be recovered normal daily activity and 1 in 3 patients could not be able outdoor activity. [9] To prevent osteoporotic fracture, there are a number of pharmaceutical treatments now available that have been shown in randomized trials. Reduction rate of osteoporotic fractures of anti-osteoporosis medication have demonstrated ranging from 30% to 70%. [12] [13] [14] However, the persistence and compliance of patients in the real world was lower than those in clinical trials. Undertreatment of anti-osteoporosis medications in patient with osteoporosis and/or osteoporotic-fractures is notorious in the real world. [15] [16] [17] This situation in Korea is consistent with other studies and recent study reported that the treatment rate for osteoporosis in Korea was only 12.8% in general population. [2] We performed a before and after study of educational program for orthopedic surgeons in 2007 and reported that 94 patients (45.2%) underwent detection of osteoporosis by dual energy X-ray absorptiometry (DXA) and 67 patients (32.2%) were prescribed medication for osteoporosis at the time of discharge. [18] The detection and medication rate for osteoporosis after hip fracture increased twofold after orthopedic surgeons had attended the intervention program. [18] However, the osteoporosis treatment rate was still inadequate. After that, we have been continuously monitoring the management of osteoporosis after hip fracture since 2007.
Therefore, this study was to determine 1) the detection and medication rate and 2) type of prescription of anti-osteoporotic medications in patients with age of 50 or older who were admitted for a hip fracture between January 1, 2008 and December 31, 2011 from the eight hospitals.
PATIENTS AND METHODS
Participants in the study were drawn from a cohort that has been monitored from 2002 to determine the incidences of hip fractures and mortality and morbidity rates after hip fracture. [9, 18, 19] This larger cohort was recruited on Jeju Island, the largest Korean island, which is located southwest of the Korean peninsula. In 2011, Jeju Island (the biggest island of Korea, which is located southwest of the Korean peninsula) had a population of 576,156 including 74,985 men and 90,481 women ≥50 years of age, with 12.1% being ≥65 years of age (9.3% of men and 14.9% of women). There are eight hospitals (one university hospital and seven general hospitals) on the island with an orthopaedic department and emergency admission facilities. The medical records and radiography of the eight hospitals between January 2008 and December 2011 were reviewed to identify patients with hip fractures.
Patients who met the diagnostic criteria of femoral neck and intertrochanteric fractures of the International Classification of Diseases 10th revision (ICD-10; S720 and S721) and were older than 50 years at the time of the fracture were recruited. The exclusion criteria were: nonresidents of Jeju Island, fractures of pathologic bone (e.g. metastasis), isolated fractures of the greater or lesser trochanter, and fractures of the subtrochanteric region due to high energy injuries. [18] Hospital data evaluations were performed 6 and 12 months after discharge from the hospital, and every 6 months thereafter. From the medical records we determined diagnosis at admission, mechanism of injury, detection of osteoporosis (DXA), procedures performed during hospitalization, and discharge medications.
Osteoporosis treatment was defined as medication including a selective estrogen receptor modulator (SERM), bisphosphonate, or calcitonin therapy or hormone replacement. Treatment initiation and duration were confirmed by reviewing medical records at 6 months and 12 months after discharge from hospital.
The denominator to calculate the crude fracture incidence was the mid-year population of each year (the population at July 1 of each year). We used the resident population data released annually by the Korea National Statistical Office to calculate the mid-year population, which was the mean of two populations of two consecutive years. The rate of osteoporosis detection, initiation rate of osteoporosis treatment, and type of prescribing anti-osteoporotic medication during study periods was analyzed using SPSS, version 18.0 (SPSS Inc., Chicago, IL, USA). (Table 1) . Of 945 hip fractures, 432 hips (45.7%) were preformed arthroplasty, 479 hips (50.7%) were performed internal fixation, and 34 hips (3.6%) refused operations and underwent conservative treatment. The crude incidence of hip fractures in the Jeju population aged 50 years and older increased from 126.6/100,000 in 2002 (70.9/100,000 in men and 167.9/100,000 in women) to 183.7/100,000 in 2011 (89.4/100,000 in men and 261.9/100,000 in women) ( Table 2) .
RESULTS

During
The mean rate of osteoporosis detection was 36.4% (344/ 945 hips) (ranged from 24.2% in 2009 to 40.5% in 2011). Of 344 who were underwent DXA, only 13 patients (3.8%) underwent DXA examination and medication prior to injury. Three hundred thirty one patients underwent DXA during admission; hip and spine in 328 and hip in three. Two hundred forty two (70.3%) of 344 patients had osteoporosis (T score ≤ -2.5) and 80 patients (23.3%) had osteopenia (-2.5 < T score < -1). The mean initiation rate of osteoporosis treatment was 23.1% (218/945 hips) (ranged from 20% in 2009 to 29% in 2008) ( Table 3) . Of these 218 patients who were prescribed anti-osteoporotic medications, 185 (84.9%) were prescribed oral bisphosphonates (risedronate, 110 [59.5%], or alendronate, 75 [40.5%]) at the time of discharge. Twenty two patients (10.1%) were prescribed injection of bisphosphonate and 11 patients (5%) were prescribed SERM. Other anti-osteoporotic drugs such as calcitonin and hormone replacement therapy were not prescribed. The mean duration of time these patients were taking osteoporosis medication was 8.5 months (range, 1 to 46 months), and 97 patients (44.5%) received medication for less than 6 months (Table 4) . 
DISCUSSION
In previous a before and after study of educational program for orthopedic surgeons in 2007, detection rate of osteoporosis by DXA was 45.2% and anti-osteoporosis medication rate underwent and 67 (32.2%) were prescribed medication for osteoporosis at the time of discharge. However, during follow-up observation period from 2008 to 2011, mean detection rate of osteoporosis and prescription rate of anti-osteoporosis medication was 36.4% and 24.1%, respectively. Our observations suggest the rate of detection and treatment of osteoporosis after a hip fracture among patients has been steady or slightly decreasing since 2007.
Undertreatment of osteoporosis in patients who was diagnosed with osteoporosis is worldwidely similar findings. [2, 17, [20] [21] [22] Johnell and Fastbom [20] analyzed use of osteoporosis drugs in a nationwide population using the Swedish Prescribed Drug Register (n=731,105). They reported that osteoporosis drug were used by 16.1% of women and 3.4% of men. [20] Curtis et al. [22] performed cross sectional study using the REasons for Geographic and Racial Differences in Stroke (REGARDS) study (n=24,783) in USA. They reported that only 26% were receiving anti-osteoporosis treatment for high fracture risk group. [22] Choi et al. [2] performed cross sectional study using The Korea National Health and Nutrition Examination Survey 2008-2009 (n = 4,946). They reported that osteoporosis was diagnosed in 29.9% of women aged ≥50 years in Korea. The treatment rate including known and newly diagnosed osteoporosis patients was estimated to be 14.4%. [2] Similarly, the rate treatment of osteoporosis following hip fracture is also at a low rate of 5 % to 32%. [7, 18, 21, 23, 24] However, studies have shown that it is particularly costeffective to treat osteoporosis and compliance of anti-osteoporosis treatment. [25, 26] In addition, several studies reported that compliance of anti-osteoporosis medication in Patients with hip fracture can reduce secondary hip fracture and mortality. [27] [28] [29] To overcome undertreatment of osteoporosis, several intervention studies targeting clinicians with a view toward increasing treatment rates was performed and reported a greater effect on osteoporosis management rates after hip fracture. [18, [30] [31] [32] Kim et al. [18] performed education of orthopaedic surgeons for improving awareness of osteoporosis treatment following hip fracture and showed an improved medication rate of osteoporosis from 15% to 32%. However, they mentioned that the osteoporosis treatment rate 6 months after hip fracture was still lower than those reported in other intervention studies. [18, [30] [31] [32] They mentioned that orthopaedic surgeons only underwent education sessions, whereas previous studies have involved multimodal approaches, including nurse management programs, standardized algorithms, and monitoring of adherence to treatment as the reason of lower osteoporosis treatment rate. Patient education programs or systemic approaches generally are considered more effective. However, doctor's awareness should be changed before performing studies of education programs or systemic changes for patients. [18] Therefore, intervention study with physician and patients who have diagnosed with osteoporosis is necessary and might be more effective.
Several studies reported seasonal variation of hip fracture and hip fracture most commonly occurred in winter season. [33] [34] [35] The hip fracture in this study is most commonly caused by slip down and occurs in winter season. The association between hip fracture and causal factors such as snow, slippery pavement and cold temperature has been reported. [36] [37] [38] Therefore, it is considered that there is a need to construct an alarm system using the media that can prevent osteoporotic fracture in winter season.
However, several limitations of this study should be considered. First, our study was retrospective, not prospective. And thus, selection bias might have been introduced, be- 
CONCLUSION
Although the greater than twofold increase in osteoporosis detection observed between 2005 and 2007, detection and treatment rate of osteoporosis following hip fracture during follow-up periods was still not enough. Additional intervention studies are mandatory to further improvement of osteoporosis management after hip fracture.
